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EXECUTI VE SUMVARY

Hopper dredging by the U S. Arny Corps of Engineers (COE) has
been identified as a notable source of nortality to sea turtles in
i nshore waters (Di ckerson and Nel son 1990; Magnuson et al. 1990).

Mai nt enance dredgi ng of intracoastal waterways and about 45 ship
channels in the Gulf and Atlantic, disposal of dredged materials,
beach nourishment and marine construction (Thonpson et al. 1990) al
pose risks to sea turtles. Resolution of sea turtle/industry
conflicts such as channel dredging, and inplenentation of proper
managenent of existing stocks are severely conprom sed by the paucity
of quantitative data on species conposition, size distribution,
spatial and tenporal abundance, habitat preference, feeding grounds
and nesting activity of sea turtles in nearshore and estuarine waters
of the northwestern Gulf.

Texas waters provide essential habitat for Kenp's ridley and
green sea turtles. Until recently, virtually no research had been
conducted on sea turtle populations in Texas. Tracking and mark-
recapture studies on green sea turtles in south Texas and numerous
sightings by the public at jetties and channel entrances al ong the
central and south Texas coast during the summer suggest these areas
serve as devel opnental habitats for juvenile and subadult sea turtles.

Tracked turtles exhibited hone ranges along the jetties from 400
to 1350 m However, core areas, defined as the region in which the
turtle spent nore than 50% of its time during the study, were usually
< 100 min extent except where bi- or trinodal cores occurred. In the

| atter case, the nodes, still < 100 min extent were up to 250 m



apart. Sheltered areas were included in all turtle hone ranges. In
nost cases, the distribution of individual sea turtles at night was
nore restricted than during the day. Turtles noved if adverse weat her
conditions altered the serenity of a core area.

At |least two types of subnmerged behavior of the sea turtles were
noted, foraging and resting. Active periods (subnmergence < 5 mn) of
foragi ng and feedi ng occurred nostly during dusk and dawn. These
observations reflected sea turtle affinity for the rock jetty habitat.

Resting behavior (subnergence > 10 mn), was observed at night and
mnimally during the afternoon. Little or no novenent was noted for
any of the sea turtles nonitored at night.

Uilization of the Brownsville Ship Channel by juvenile green sea
turtles should be considered rare. Mvenent imedi ately after rel ease
i ndi cates that the channel nmay be used as an escape route when turtles
are disturbed. Qur data suggest that turtle diving activity varies by
tinme of day. Transient use of the channel may occur when a green sea
turtle crosses the channel fromone jetty to another or when the
channel is used for passage to enter the Laguna Madre. During these
tinmes (< 0.3%in our study) turtles m ght be susceptible to hopper
dredging. CQur tracking information suggests that novenent behaviors
of juvenile green sea turtles in the Brazos-Santiago Pass area does
not threaten their lives with respect to biannual hopper dredging.

Thi s study expands our know edge of novenent and feedi ng behavi or
of juvenile green sea turtles at Brazos-Santiago Pass and the

Brownsvill e Ship Channel, South Padre |Island, Tx. However, these



concl usi ons should not be extended to other sea turtle species.
I nformati on needs to be collected on different species of sea turtles

as their behaviors undoubtedly wll vary.

Vi



| NTRODUCTI ON

Recovery and managenent of endangered sea turtle stocks of
the Gulf of Mexico were addressed by a 1989 M neral s Managenent
Servi ce Wrkshop on Marine Mammals and Turtles in the Gul f of
Mexico and later in a Marine Turtle Habitat Plan devel oped by the
Nati onal Marine Fisheries Service (NVFS) (Thonpson et al. 1990).

Characterization of turtle habitat was recommended as the nost
appropriate research approach to recovery and nanagenent of Culf
sea turtle stocks, with the highest priority assigned to Kenp's

ridley Lepidochelys kenpi and green sea turtles Chel onia nydas.

Texas waters provide essential habitat for both these
species. Until recently, virtually no research had been
conducted on sea turtle populations in Texas. Historically, the
| ower Laguna Madre in south Texas has been a very inportant
habitat for sea turtles, especially the green sea turtle. 1In
1890 the commercial fishery in the | ower Laguna Madre, Texas,
accounted for 22,000 kg of sea turtles. By 1900 these sea
turtles had been overexploited and the fishery coll apsed (Doughty
1984). Nesting activity and strandi ng frequency have been
docunented for sea turtles along south Texas beaches (Francis
1978; Rabal ais and Rabal ais 1980; Shaver 1990a). Tracking and
mar k-recapture studies on green sea turtles in south Texas
(Manzel |l a 1990; Renaud et al. 1992; Shaver 1990b) and nunerous
sightings by the public at jetties and channel entrances al ong
the central and south Texas coast during the sunmer suggest these

areas serve as devel opnental habitats for juvenile and subadul t



sea turtles (WIllianms and Manzella 1990; WIIlians and Manzel |l a
1992) .

Hopper dredging by the U S. Arny Corps of Engineers (COE)
was identified as a notable source of nortality to sea turtles in
i nshore waters (Di ckerson and Nel son 1990; Magnuson et al. 1990).

Mai nt enance dredgi ng of intracoastal waterways and about 45 ship
channels in the Gulf and Atlantic, disposal of dredged materials,
beach nouri shnent and nmarine construction (Thonpson et al. 1990)
all pose risks to sea turtles. Resolution of sea turtle/industry
conflicts such as channel dredging and inplenentation of proper
managenent of existing stocks are severely conprom sed by the
paucity of quantitative data on species conposition, size
distribution, spatial and tenporal abundance, habitat preference,
feedi ng grounds and nesting activity of sea turtles in nearshore
and estuarine waters of the northwestern Gulf.

We have hypot hesized that jetty passes and associ at ed
dredged channel s are inportant human-nmade habitats used by young
sea turtles. Due to continued concern by the Gal veston and New
Oleans Districts of the COE, they funded a plan to study sea
turtl e behavior near dredged channels for a second consecutive
year. The objective of our study was to eval uate juvenile sea
turtle novenents and to determ ne habitat preferences at Brazos
Santiago Pass, Texas. A conpanion report which adds to the val ue
of this study has been prepared by Texas A&M Uni versity,
Institute of Marine Life Science, under a separate contract. That

report characterizes sea turtle habitat in the area of our study.



MATERI ALS AND METHODS

Study Area

The study was conducted in 5 relatively discrete regi ons of
the Brazos Santiago Pass at South Padre |sland, Texas (Fig. 1).
These regions include: 1) the south side of the south jetty, 2)
the north side of the south jetty, 3) the south side of the north
jetty, 4) the north side of the north jetty and 5) the
Brownsvill e ship channel (BSC) between the jetties. Barracuda
and Dol phin Coves are |ocated at the innernost reaches of the
jetties on the south and north sides, respectively.
Capture of Sea Turtles

Sea turtles were captured by Texas A&M personnel, with 91.5
m | ong entangl enment nets of 2 depth and nesh size specifications
deployed in 2 configurations. These nets were 3.7 mdeep with
12.7 cm bar nmesh of #9 twisted nylon or 4.9 mdeep with 25.4 cm
bar mesh of #9 tw sted nylon. Several areas along the jetties
i ncl udi ng those in Dol phin and Barracuda Coves were sanpl ed
during the day with 1-4 stationary entangl enent nets (of simlar
or m xed specifications) set adjacent to one another for 8 to 12
hr. Sanpling at the deeper jetty habitat was nodified to a nore
active capture nethod of encircling turtles with entangl enent
nets. The encirclenment technique was attenpted only when 1) a
turtle exhibited a sustained (> 30 mn) pattern of surfacing and
soundi ng whi ch becane predictable and 2) surfacing occurred no
nore than 10 mfromand along a 30 mlength of the jetty.

Encircling began about 1 m nute before the predicted surfacing



time by securing 1 end of the net to the jetty and quickly
encircling the expected surfacing spot with the remaini ng net
depl oyed froma boat. The net was brought to the jetty to create
a "sem-circle" of netting around the turtle. Divers entered the
encircled area to close off any escape route and to catch or
maneuver a turtle into the net. Cast netting was used to
suppl enent the encirclenent technique.
Taggi ng Activities

| medi ately follow ng capture, all turtles were transported
to the University of Texas Pan Anerican Coastal Studies
Laboratory on South Padre Island and held for 24-72 hrs before
being released. Straight line and curved carapace | ength and
wi dth were neasured to the nearest 0.1 cm Turtles were
phot ogr aphed and placed in 3.0-mdi aneter fiberglass hol di ng
t anks.

Radio transmtters (164.0-165.0 Mz) were fiberglassed to
t he second neural scute of each sea turtle while sonic
transmtters (32-40 Khz) were bolted to the posterior marginal
scutes. Tine depth recorders (TDRs) and additional sonic and
radi o tags were encased in a styrofoamfloat and bolted to the
posteriornost margi nal scute of the 2 largest sea turtles. A
di ssol ving "pop-up” link was placed between the turtle and the
float allowng the floating package to detach and be retrieved
wWithin a 7-10 day peri od.

Sea turtles were tagged on the left front flipper using

Hasco style 681 inconel tags. Finally, for easy identification



inthe field, white epoxy paint was used to draw a uni que nunber
on the carapace of each turtle. Sea turtles were rel eased at
their capture site. Al turtles inthis report are referred to
by the | ast 4 nunbers of their radio frequency preceded by the
letter T. The smallest turtle could only accommopdate a sonic
transmtter, and was referred to as TOOOO.
Tr acki ng

Radio transmtters were nonitored using a Telonics TR2/ TSl
recei ver/scanner connected to a directional 5-elenent Yagi
antenna. Reception of radio signals varied between 10-16 km
dependi ng on the height of the receiver antenna. Sonic
transmtters were nonitored using a directional hydrophone with a
recei ving range between 0.6 and 1.1 km

Data coll ection occurred over the entire 24-hr daily cycle.
Attenpts to locate all sea turtles were made daily. Three or
nore sea turtles were tracked for extended periods during each
day from 31 July through 26 Septenber, 1992. A 3-day follow up
trip in Cctober provided additional information on sea turtle
| ocations. Ceographic |ocation was recorded when sea turtles
were visually sighted or their position was pinpointed with sonic
telenetry.

Ref erence marks were painted at 46 m (50 yd) intervals on
the rocks, shoreward fromthe seaward tip of the jetties. The
| ocation of sea turtles was determined by their position with
respect to reference marks and their perpendicul ar distance from

the jetties. Sea turtle locations nore than 40 maway fromthe



rocks were recorded using a portable G obal Positioning System
(GPS), if possible.
Envi ronnent al Data

Surface water tenperature and salinity were recorded using
mercury thernoneters (-30°C to +50°C) and refractonmeters
approximately every 30 mn while tracking the sea turtles.
Habitat Characterization

Twel ve stations were characterized al ong the Brazos- Santi ago
Pass jetties; 7 for the south jetty and 5 for the north jetty.
Hydr ol ogi cal nonitoring, sedinent anal yses, vegetation
characterization were conducted at each station. Trawing at 6
additional sites, 2 on the north jetty and 4 on the south jetty,
further characterized the biota. Landry et al. (1993) provide
specific information on these procedures and subsequent habit at
characterization.
Habi t at Preferences

Habitat preferences were determned by 1) nonitoring
| ocations of sea turtles during tracking activities and 2)
analyzing information fromthe tinme-depth recorder on 1 of the
| arger sea turtles. Turtle locations along the jetties were
plotted to devel op linear honme ranges. Locations were weighted
according to length of observation. Wighted |ocations were then
grouped into 46 mintervals and a frequency distribution
performed. This frequency distribution was used to determ ne the
core area, defined as the region in which the turtle spent nore

than 50% of its time during the study. Core areas were



determ ned for dawn (0500 - 0900), day (0900 - 1700), dusk (1700
- 2100), and night (2100 - 0500) if at least 3 different days
were sanpled and > 5 hr of tracking informati on were avail abl e
for a turtle within a tine.
Sur face and Subnergence Behavi or

Surface and subnergence tinmes were cal cul ated for each
turtle wth a radio transmtter. Surface tinmes were determ ned
by recording the interval between the begi nning and endi ng of
radio signals. Subnerged tinmes were determ ned by recording the
interval between the end of a radio signal and the begi nning of
the next. Overall nean surface and subnergence tines were
cal cul ated as well as hourly neans and day, night, dawn, and dusk
neans. When a surface or subnergence interval included 2 tine
periods, it was placed in whichever period contained the majority
of the interval

Since T4698 spent tinme both at the jetties and in South Bay,
the data for determ ning surface and subnerged tinmes were divided
into jetty and South Bay l|ocations to allow conparison of
subner gence behavi or between the 2 habitats. Analysis of
vari ance (Tukey-Kramer nethod) was used to test for significant
differences in nean surface or subnergence tinmes by tinme period
(day, night, dawn, dusk) at p = 0.05. Data collected the day of
rel ease were not used in analysis as it was consi dered rel ease
behavi or and not representative of typical surface/submergence
behavi or.

For each TDR retrieved, data beginning 2 hr after rel ease



were grouped into 1 mdepth intervals and sorted into a frequency
distribution. Frequency distributions and anal ysis of variance
of mean depths using the Tukey-Kraner nethod at p=0.05 al so were

performed with the data grouped by date and by tine of day (dawn,
day, dusk, night).



RESULTS

Capture and Taggi ng of Sea Turtles

Ten green sea turtles were captured adjacent to the jetties
of Brazos-Santiago Pass. They were fitted with conbi nations of
radio and sonic transmtters and rel eased at their capture sites.

Capture dates and | ocations, norphonetrics, tag nunbers and

radi o/sonic transmtter frequencies of the sea turtles are given
in Table 1.
Sea Turtle Mowvenent Patterns

Al turtles noved away fromthe jetties imedi ately
followng their release. Seven turtles on the channel side of
the jetties entered the deeper waters of the BSC (Fig. 2). Five
of the turtles returned to, or near their capture site within 30
mn. The remaining 2 swamdirectly offshore. By the follow ng
day, one of the latter 2 turtles returned to its release site
while the other took up residence on the Gulf side of the north
jetty. Three turtles released on the Gulf side of the south
jetty swam south al ong Boca Chica Beach. One returned to its
capture site within an hour. A second noved to the north side of
the south jetty within an hour. The third turtle did not return
to the jetties for 9 days.

Daily nmovenents of turtles ranged fromless than 46 mto
nore than 1000 m Seventy percent of all |ocations were within 5
mof the jetties, while only 0.3% were within channel boundari es.

Data fromthe tinme-depth recorder indicated that T5341 made 93%



of its subnergences in water <7 m Only 2% of its submergences
were in possible channel habitat (> 13 mdepths). Hone ranges of
the turtles that remained in the jetties area were from 366 to
1235 mlong. Overall core areas ranged in size from46 to 183 m
When observations were grouped by tinme of day, core areas varied
from46 to 275 m

Sea turtles were tracked about tw ce as many hours during
norning and afternoon as in 1800 to 2400 hr. Total tracking hr,
by hour of day for each turtle, is presented in Figure 3. Total
tracki ng hours include sinmultaneous radi o and sonic tracking,
sonic tracking only, radio tracking alone, and visual tracking.
Soni ¢ tracking al one occurred under 2 different situations: 1)
when 2 turtles were inhabiting the sanme area, one was nonitored
simul taneously with radio and sonic receivers and the other was
spot checked every 10 to 15 min with the sonic receiver, and 2)
if aturtle had lost its radio tag it was nonitored with the
sonic receiver. Radio tracking alone occurred under 2 sets of
conditions: 1) when weather prohibited the | aunching of the
tracki ng vessel, radio tracking was carried out froma |and base,
and 2) while tracking one turtle wwth only a sonic tag, the radio
recei ver was used to gather surface-subnergence information on
another turtle. GQCccasionally, visual tracking was carried out
fromthe jetty on turtles that were very habitat faithful

T5413, captured on 28 July 1992, on the north side of the
south jetty (868 mmnmarker), was tracked from 31 July through 26

Sept enber 1992. A total of 91.5 hours was expended tracking

10



T5413 (Fig. 3). It was the largest turtle (47.9 cm strai ght

| ength) and exhi bited the nost extensive hone range (1235 m at
the jetties. T5413 spent 64%of its tine in a 183 m area between
net er-nmarkers 915 and 1098 (Fig 4). On 2 occasions, this turtle
travell ed from Barracuda Cove to the end of the jetties and back
toward the shore within 3 to 5 hr. The entire round trips were
essentially continuous with a few 10 to 15 m nute stops di spersed
t hroughout the trip. Additional radio and sonic transmtters and
a tinme-depth recorder were attached to T5413 by a trailing
styrofoam fl oat. The package broke free after one day and was
not recover ed.

T5341, captured on 30 July 1992, on the north side of the
south jetty (914 mmarker) was tracked from 1 August through 25
Sept enber 1992, (Table 1). A total of 45.8 hours was expended
tracking T5341 (Fig. 3). The turtle ranged approximately 1098 m
along the north side of the south jetty, but spent 42%of its
time between 549 and 595 mfromthe tip of the jetty and 30% of
its time between the 1006 - 1098 mmarkers. Variability in the
| ocation of core areas, by tinme of day, is presented in Figure 5.

A trailing styrof oam package contai ning radio and sonic
transmtters and a tinme-depth recorder was al so attached to
T5341. It detached after 4 days. During these 4 days, T5341
spent approximately 3% of its tine at BSC depths. It also noved
further inland, past Barracuda and Dol phin Coves while the
trailing tags were still attached. This wi de ranging activity

ceased once the float detached, suggesting that these novenents

11



were influenced by the presence of the float. Therefore, these
data were elimnated fromfurther analyses. Follow ng fl oat
detachnment, T5341 spent all of its tinme very close to the
jetties.

T4101, captured on 30 July 1992, on the south side of the
north jetty (366 mmarker), was tracked from 1 August through 26
Sept enber 1992, (Table 1). A total of 58.1 hours was expended
tracking T4101 (Fig. 3). T4101 ranged approximately 366 m al ong
the south side of the north jetty, spending 76% of its tine
Within 46 mof its capture site. Variability of T4101's core
areas, by tine of day, is presented in Figure 6. T4101 exhibited
t he | east amount of novenent of the 10 turtles tracked.

T4598, captured on 29 July 1992, on the north side of the
south jetty (868 mnmarker), was tracked from 1 August through 26
Sept enber 1992, (Table 1). A total of 86.5 hours was expended
tracking T4598 (Fig. 3). T4598 ranged approxi mtely 732 m al ong
the north side of the south jetty, spending 44% and 22% of its
time between the 777 - 868 mand 1006 - 1052 m markers (Fig.7).

T5601, captured on 29 July 1992, on the north side of the
south jetty (1006 m marker), was tracked from 1l August through 15
Oct ober 1992, (Table 1). A total of 84.5 hours was expended
tracking T5601 (Fig. 3). T5601 ranged approximately 960 m al ong
the north side of the south jetty, spending 66%of its tinme
bet ween the 1006 - 1098 m nmarkers (Fig. 8).

T5200, captured on 31 July 1992, on the north side of the

south jetty (137 mnmarker), was tracked from 2 August through 26

12



Sept enber 1992, (Table 1). A total of 33.7 hours was expended
tracking T5200 (Fig. 3). This turtle noved offshore the day it
was released and returned to the north side of the north jetty
the next day where it remained for 11 days. T5200 ranged

approxi mately 503 malong the north side of the north jetty,
spending 84% of its tinme between the 274 and 412 m markers. A
severe norther, producing waves that broke on top of the jetties
coincided with T5200 noving to a nore protected area on the north
side of the south jetty on day 14. On day 20, T5200 was observed
on the south and north sides of the south jetty. The follow ng
day T5200 noved to the north side of the north jetty again. It
spent 98% of its tine between the 46 and 91 m markers during a 21
day period. T5200 noved to the south side of the south jetty on
day 25 for the final 20 days of the study, and spent 99%of its
time there between the 46 and 91 mmarkers (Fig. 9). This turtle
crossed the BSC at |east 4 tines.

T4698, captured on 4 August 1992, on the south side of the
north jetty (732 mmarker), was tracked from 6 August through 26
Sept enber 1992, (Table 1). A total of 13.5 hours was expended
over a 9 day period tracking T4698 at the jetty habitat (Fig. 3).

This turtle swam of fshore the day it was rel eased and returned
to its capture site by the follow ng norning where it remai ned
for 9 days. T4698 ranged approxi mately 595 m al ong the south
side of the north jetty, spending 69%of its tinme between the 640
and 686 markers. During one day, T4698 was detected on the north

side of the north jetty between the 229 and 412 m markers. T4698
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was tracked across the channel to the north side of the south
jetty the day before it noved into South Bay. Variability of
T4698's core areas at the south side of the north jetty, by tine
of day, is presented in Figure 10.

On 15 August 1992, T4698 was noted novi ng shoreward al ong
the south side of the north jetty. Over a 2-hr period T4698 was
tracked as it noved along the jetty, crossed the channel, and
noved seaward along the south jetty to within 225 mof its tip.
On 17 August, the turtle could not be located with the sonic
receiver. On 18 August T4698 was determned to be in South Bay.

This turtle spent the final 37 days of the study in South Bay
where an additional 64.3 hr of nonitoring, nostly radio only, was
conduct ed.

T5801, captured on 8 August 1992, on the south side of the
south jetty (69 mshoreward fromthe tip of the jetty), was
tracked from9 August through 26 Septenber 1992, (Table 1). A
total of 74.0 hours was expended tracking T5801 (Fig. 3). This
turtle ranged 366 mshoreward fromthe tip of the south jetty on
the south side, spending 71% of its tine between the 46 - 91 m
mar kers (Fig. 11).

TOO0O0, captured on 8 August 1992, on the south side of the
south jetty ( 69 mshoreward fromthe tip of the jetty) was
tracked intermttently from9 August through 17 Septenber 1992,
(Table 1). A total of 2.8 hours was expended tracking TOO0OO
(Fig. 3). This turtle noved south al ong Boca Chica Beach the day

it was released and did not return to the study site for 9 days.
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TOOOO ranged approximately 366 m shoreward of the tip of the
south jetty on the south side, spending 70% of its tine between
the 183 - 274 mmarkers (Fig. 12). Sea conditions usually
curtailed the tracking of TO0O00. Since TOO0OO had no radio tag,
an estimate of its position was not possible when we were unabl e
to get the tracking vessel to the south side of the south jetty.

The turtle also ranged very close to shore at tinmes nmaking it
difficult to follow by boat. Therefore information on this
ani mal was m ni mal and sporadic.

T5501, captured on 9 August 1992, on the south side of the
south jetty (46 mmarker), was tracked from 10 August through 23
August 1992, (Table 1). A total of 10.8 hours was expended
tracking 75501 (Fig. 3). Followng its release, T5501 noved to
the north side of the north jetty where it remained until |eaving
the study area. It ranged approximately 183 m shoreward of the
tip of the south jetty, spending 77% of its tinme between the 46
and 137 mmarkers (Fig. 13). This turtle left the jetties on the
16th day of tracking and is not known to have returned to the
study area.

Submer gence and Surface Behavi or

Overal |, surface tines were inflated since sea turtles can
swi mnear the surface with the 40-cm antenna on the radio tag
penetrating the air-water interface. Therefore, it follows that
subnerged tinmes were underesti mat ed.

Submergence tinmes ranged from1l sec to 40 mn for the 9 sea

turtles with radio tags. Overall nean subnergence tinmes varied
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from1l.9 - 6.1 mn between turtles. Surface tines ranged from
1.0 sec to 19.1 mn. Overall nmean surface tinmes varied from8.5
- 26.5 sec between turtles. The nean |ength of subnergence and
surface tines, by hour of day, for all turtles was quite variable
(Fig. 14).

A detail ed breakdown of the subnergence tines, by turtle,
revealed that 74%to 96% of the subnmergences were < 10 mn and 38
to 64% were < 1 mn in duration (Fig. 15). This was conparable
to data collected by Renaud et al. (1992) where 89%to 99% and
17%to 56% of the turtle subnmergences fell into the above
categories. Subnergence patterns were significantly different
when data were anal yzed by dawn, day, dusk and night (Table 2).
For 6 of 7 sea turtles nonitored at night, subnergence duration
was significantly longer than in all other tine periods. The
nunber of subnergences at night > 10 mn, for the same 6 turtles
was from4 to 75% hi gher when conpared to their day activity.
Subnergences > 5 mn in duration were followed by several short
surface and subnergence periods of less than 1 minute in
duration. N nety-nine percent of all sea turtle subnergences
were |less than 20 m n.

Surface tines were grouped into periods of < 5 sec, < 15 sec
and > 15 sec. An analysis of the surface tinmes, by turtle,
reveal ed that 41%to 77% of the surfacings were < 5 sec and 67 to
92% were < 15 sec in duration (Fig. 15). Surface patterns were
significantly different when data were anal yzed by dawn, day,

dusk and night (Table 3). The nean duration for surface interval

16



was highest at night for all turtles and significantly higher in
6 of 7 instances. There were 21 to 78% nore surfacings > 15 sec
at night than during day. Increased duration of surfacings at
ni ght coincided with increased nean subnergence tinmes and fewer
subnergences at night. Increased surface intervals at night may
al so be related to the lack of visual stimuli which may pronpt
turtles to submerge sooner during the day.

Subnergence tinmes ranged from1l sec to 24.3 mn for T5413.
Al surface tinmes were < 2.3 mn except at night when they
reached 12.3 mn. Mean surface and subnergence tinmes during the
day were 5.2 sec and 3.9 mn respectively (Tables 2 and 3). Mean
surface (46.6 sec) and subnergence (2.9 mn) tines were
significantly different at night conpared to the day (Fig. 3).
Mean subnergence tinme at dusk was significantly shorter than at
all other tinme periods. No clear cut differences in dawn
subner gence behavi or was evident with respect to day or night
(Table 2). The TDR pl aced on T5413 remai ned attached to the
turtle for 2 days. No radio or sonic signals fromthe floating
tag were ever heard, and the tag was never recovered.

Subnergence tinmes ranged from1l sec to 21.4 mn for T5341.
All surface tinmes were < 4.1 mn except at dusk when they reached
10.5 mn. Mean surface and subnergence tines during the day were
14.7 sec and 2.8 mn respectively (Tables 2 and 3). Mean
subnergence (5.3 mn) tinme was significantly higher at night
conpared to dusk. There were no significant differences in

surface tines. D fferences were mtigated by small sanple sizes.
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Testing of the TDR placed on T5341 established that it had a
mean error of -1.12 mand a standard deviation of 0.122 m
Therefore, depth information fromthe TDR was increased by 1.12 m
prior to the analysis of 79 hr and 10 m n of data.

| medi ately after release (1250) T5341 noved to deeper water
and began a series of increasingly deep dives. Initial dives
were to 2 mor |less. Dive depth generally increased for the next
hour, w th maxi nrum depths of about 16 m A period of shall ower
dives (< 11 n) followed for approximately 15 mn, which was
itself followed by a short sequence of dives > 15 m At about
1415 dive depth decreased sharply to <2 m The turtle was
observed noving into a shallow cove at this tinme, where it stayed
for the rest of the day's telenetry period.

An overall frequency distribution (Table 4) showed that the
1-2 minterval was by far the nost utilized depth, wth 63. 3% of
all readings. The next two preferred depth zones were 2-3 m
(15.1% and 0-1 m(6.5% . Frequency declined as depth increased
until 10-11 m An increase in readings occurred at 10-11 m 12-
13 m and 14-16 m Still, all readings greater than 10 monly
represented 4.1% of the total

Mean depths for each tine period varied froml1l.4 mto 3.2 m
(Table 5). Analysis of variance reveal ed significant differences
between all tinme periods.

When data were separated by day as well as tinme period,
daily differences could be seen. No dives > 2.5 mwere recorded

on 3 August, resulting in a daily nean depth considerably | ess
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than on the other days. A mgjority of readings between 0700 and
1400 on 2 August were noderate to deep (> 5 m, reflected in the
hi gher dawn and day nean depths on that day. The greatest dusk
nmean depth was on 1 August. N ght neans were relatively uniform
No di ve deeper than 3.5 moccurred during this tinme period.

Deep di ve epi sodes were considered to be any group of dives
> 10 mnot separated by nore than 30 min. A total of 6 deep dive
epi sodes were recorded. Moderate dive episodes (5-10 m were
associated with 3 of the deep dive episodes. Deep dive episodes
occurred during all time periods except night, while noderate
di ve epi sodes were recorded during dawn and day.

Subnergence tinmes ranged from2 sec to 33.0 mn for T4101
Al surface tinmes were < 1.1 mn except during the day when they
reached 3.3 mn. Mean surface and subnergence tines during the
day were 11.8 sec and 5.5 min respectively (Tables 2 and 3).

Mean surface (56.4 sec) and subnergence (22.9 mn) tinmes at night
were significantly higher than all other nmean surface tines.
Thi s behavi oral change occurred shortly after dusk.

Subnergence tinmes ranged from1l sec to 25.4 mn for T4598.
Surface tinmes were < 1.0 mn during the day but reached 3.0 to
4.0 mn for all other tinme periods. Mean surface and
subnergence tines during the day were 4.9 sec and 1.7 mn
respectively (Tables 2 and 3). Mean surface tinmes were
significantly higher at night and dusk conpared to day and dawn.

Dawn surface nean al so was significantly higher than day.

Subnergence tinmes were significantly different for all tine
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peri ods except dawn and day, with the lowest (1.1 mn) at dusk
and the highest (3.1) at night.

Subnergence tinmes ranged from1l sec to 31.2 mn for T5601
Surface tinmes reached at least 12 mn during all periods of the
day. Mean surface and subnergence tines during the day were 18.8
sec and 1.7 mn respectively (Tables 2 and 3). Mean surface
(35.2 sec) and subnergence (2.8 mn) tinmes were significantly
hi gher at night, conpared to day. Mean subnergence tine was
significantly higher at night, and significantly | ower at dusk,
than all other periods.

Subnergence tinmes ranged from1l sec to 39.8 mn for T5200.
Surface tines during dawn did not exceed 32.0 sec but reached
68.0 sec for all other tine periods sanpled. Mean surface and
subnergence tines during the day were 11.1 sec and 5.3 mn
respectively (Tables 2 and 3). Mean subnergence (2.1 mn) tine
was significantly | ower at dawn conpared to day and dusk. There
were no significant differences in surface tinmes. N ght data
were not avail abl e.

Subnergence tinmes ranged from1l sec to 25.8 mn for T4698
with no significant differences between dawn, day and dusk when
this turtle was at the jetty habitat. Data were not avail able
for night. Mean surface tinmes ranged from1l to 167 sec with no
statistically detectable differences in the above nentioned
categories. Wen T4698 was in South Bay, the surface and
subnerged tines ranged from1l - 167 sec (surface) and 1 sec to

35.8 mn (subnergence) (Tables 2 and 3). Mean surface and
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subnergence tines were significantly higher at night vs all other
time periods, and higher at dawn conpared to dusk and day.

Subnergence tinmes ranged from1l sec to 37.8 mn for T5801.
Maxi mum surface tines were between 63 and 94 sec during all tine
periods, however nean values ranged from6.0 to 12.8 seconds
Tables 2 and 3). Mean surface and subnergence tines during the
day were 4.7 sec and 2.9 mn respectively. Mean surface (19.8
sec) and subnergence tines (4.3 mn) were significantly higher at
ni ght conpared to all other tinme periods. Mean surface tinme al so
was significantly higher at dusk than at dawn or day.

Subner gence durations ranged from1l sec to 38.1 mn for
T5501, and from1l to 62 sec for surface tinmes. Mean subnergence
was 3.5 mn for dawn and 5.2 mn for day. Mean surface tinme was
5.8 sec for dawn and 6 sec for day. Means were not significantly

different. No data were collected during dusk or night.

Envi ronnent al Data

Wat er tenperatures and salinities near the jetties ranged
from24 to 31°C and 27 to 40 ppt (Fig. 16) and were wi thin ranges
recorded during the previous 10 years. Landry et al. (1993)
present additional tenperature and salinity data for this study.
Habitat Characterization

Two habitats characterized during this study were the jetty
and BSC. The jetty habitat extends fromthe intertidal zone on
the rocks, out 25 mto an area of scattered boul ders

approximately 8 min depth. This area offers refuge for sea
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turtles and substrate for epifloral and epifaunal food sources.

Bar nacl es (Bal anus sp.), 3 algal species (Uva fasciata, Podina

vi ckersi ae, and Bryocl adia thysigera), and sea urchins (Arbacia

punctul ata) were the nost abundant organisns at the jetties

(Landry et al., 1992). The BSC habitat harbors popul ati ons of
portunid crabs, shrinp, fish and squid. Detailed listings of al
flora and fauna found in the BSC and jetty habitats are provi ded

in Landry et al. (1993).
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DI SCUSSI ON

Habitat Uilization

Seagrass beds are the nost extensive habitat in the Laguna
Madre, followed by vegetated areas in which seagrass is not the
dom nant pl ant species, non vegetated flats and channel s
including the | CWN Brazos-Santiago Pass |inks the Laguna Madre
and of fshore areas. Brazos-Santiago Pass can be subdivided into
4 regions: 1) the channel, 2) Dol phin and Barracuda Coves, 3)
unvegetated flats adjacent to the channel and 4) the jetty

habitat, i.e. the subnmerged portion of the jetty and the area

extending 15 mout fromthe jetty rocks. Juvenile green sea
turtles, nore nunmerous in the jetty habitat, were not distributed
equally over these areas in relation to the extent of each
habitat type (Renaud et al. 1992; Landry et al. 1992). This
suggests that jetties provide a high quality habitat for juvenile
green sea turtles and that these sea turtles may congregate there
for cover and food. Numer ous sightings of sea turtles during
the study (Landry et al. 1993 and Fig. 17), supported the
hypot hesis that the jetty is a preferred habitat of juvenile
green sea turtles.
Hone Range

Turtl es exhibited honme ranges along the jetties from400 to
1350 m Core areas during dawn, day, dusk and night were usually
< 100 min extent except where bi- or trinodal cores were

occurred. In the latter case, the nbdes, < 100 min extent, were
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up to 250 mapart. Al turtle home ranges included sheltered
areas. Turtles noved if adverse water conditions caused by

weat her altered the serenity of a core area. |In nost cases, the
distribution of individual sea turtles at night was nore
restricted than during the day.

Feeding may account for the limted novenent of the sea
turtles tracked in this study. Turtles were seen feeding on
algal gromh along the jetties especially at dusk. Al of the
tracked green sea turtles were in habitats where al gae was
abundant or in close proximty to habitats with al gal food
sour ces.

The TDR evidence indicates that: 1) Dive activity varies by
day, 2) Deep diving activity may be restricted to the period from
dawn to dusk, 3) Channel use is very limted, 4) Rel ease behavi or
i ndi cates that the channel may be used as escape cover when
turtles are disturbed, and 5) Timng of deep dive episodes
i ndi cates that the channel was not used during rest periods.
Geen turtles in the channel during dredgi ng should be active and
nore able to escape.

The turtles tracked on the north side of the south jetty had
a tendency to nove into Barracuda Cove at night. This was
especially evident in T5413, whose daily novenents extended to
the outer end of the jetty, and whose night core area was deep in
the cove along the jetty. T4101, on the south side of the north
jetty, also showed greater shoreward novenent at night than at

any other tine. The reason for this novenent is unknown. Longer
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surface and subnergence tines and nore restricted novenents
i ndi cate that night may be used nostly for resting. |If so, then
the turtles may use the nore sheltered environnent of the cove
for resting at night, while utilizing a broader stretch of the
jetty for daytime foraging activities.
Subner ged Behavi or

Two types of subnerged behavior of the sea turtles were
noted, foraging and resting. Active periods of foraging and
feedi ng (subnmergence < 5 mn) occurred nostly during dusk and
dawn. These observations were reflected in sea turtle novenents
adjacent to the jetties. Resting behavior (subnergence > 10 m n)
was observed at night and minimally during the afternoon. Little

or no novenent was noted for sea turtles nonitored at night.
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CONCLUSI ONS

The utilization of the BSC by juvenile green sea turtles was
rarely observed. Transient occurrence in the BSC was occasi oned
by green sea turtles crossing the channel fromone jetty to
anot her or using the channel as passageways to enter the Laguna
Madre. Only during these tinmes (< 0.3% in our study) would they
be susceptible to hopper dredging. Qur tracking study suggests
juvenile green sea turtles in the Brazos-Santiago Pass area are
not significantly threatened with respect to biannual hopper
dr edgi ng.

The study has expanded our know edge regardi ng honme range
behaviors and life history information of juvenile green sea
turtles in the vicinity of South Padre Island, Tx. These
conclusions can be tentatively extended for juvenile green sea
turtles in other areas, but should not be extended to other sea
turtle species. This type of tracking information needs to be
collected on other sea turtles to establish how their behaviors

wll vary.
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Tabl e 1.

Capt ure/ rel ease dates,

| ocati ons,

turtles radio tracked near South Padre |sland, Texas.

measurenents and tagging information for

Turtle Capt ure’ Rel ease’ Lengths(cm)/ Flipper Tag Radio Freq/ Last
Dat e/ Location Date/Location Wi ghts(kg) Nunber s Soni ¢ Freq Cont act
(with code)
T5413 28 Jul 1992 31 Jul 1992 SL - 47.9 QQC765 165. 413 Mhz 26 Sep 1992
NS/ SJ NS/ SJ SW- 39.4 30. 0 Khz Vi sual / Soni ¢
868 m 868 m CL - 51.5 (no code)
CW- 45.2 **
W - 14.8
T5341 30 Jul 1992 1 Aug 1992 SL - 44.7 QQC750 165. 341 Mz 25 Sep 1992
NS/ SJ NS/ SJ SW- 35.8 QQC751 31.0 Khz Soni ¢
914 m 914 m CL - 47.6 (3-3-3-3)
CW- 43.0 *x
W - 11.5
T4101 30 Jul 1992 1 Aug 1992 SL - 30.1 QQC766 164. 101 Mhz 26 Sep 1992
SS/ NJ SS/ NJ SW- 24.3 QC771 34.0 Khz Vi sual / Soni ¢
365 m 365 m CL - 31.6 (5-5-5-5)
CW- 27.6
W - 3.1
T5601 29 Jul 1992 1 Aug 1992 SL - 29.1 QQC734 165. 601 Mz 15 Cct 1992
NS/ SJ NS/ SJ SW- 22.6 QQC735 35.0 Khz Vi sual / Soni ¢
1005 m 1005 m CL - 31.0 (5-2-5-2) Radi o
CW- 25.5
W - 2.7
T4598 29 Jul 1992 1 Aug 1992 SL - 29.2 QQC740 164.598 Mz 26 Sep 1991
NS/ SJ NS/ SJ SW- 22.7 QQC741 37.0 Khz Radi o
868 m 868 m CL - 30.8 (2-2-2-2)
CW- 25.5
W - 2.6

"Al'l capture/release |ocations are approxi mate distances fromtip of jetty;

SS = Sout h si de;

NS = North side;

SJ = South jetty;

""Turtl es al so had detachable trailing tag.
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Table 1 (cont.).

Capture/rel ease dates,

| ocati ons,

measurenents and tagging information for ten

green sea turtles radio tracked near South Padre |sland, Texas.

Turtle Capture’ Rel ease’ Lengths(cm)/ Flipper Tag Radio Freq/ Last
Dat e/ Location Date/Location Wi ghts(kg) Nunber s Soni ¢ Freq Cont act
(with code)
T5200 31 Jul 1992 2 Aug 1992 SL - 31.5 QQC767 165. 200 Mz 26 Sep 1992
NS/ SJ NS/ SJ SW- 24.9 32.0 Khz Vi sual / Soni ¢
137 m 137 m CL - 33.2 (no code)
CW- 29.5
W - 3.6
T4698 4 Aug 1992 6 Aug 1992 SL - 33.3 QC768 164.698 Mz 26 Sep 1992
SS/ NJ SS/ NJ SW- 26.7 31.8 Khz Vi sual / Soni ¢
731 m 731 m CL - 35.2 (4-2-4-2)
CW- 29.8
W - 3.9
T5801 8 Aug 1992 9 Aug 1992 SL - 31.5 QQC770 165.801 Mz 26 Sep 1992
SS/'SJ SS/ SJ SW- 26.0 31.9 Khz Vi sual / Soni ¢
68 m 68 m CL - 32.4 (no code) Radi o
CW- 29.8
W - 3.4
TO00O 8 Aug 1992 9 Aug 1992 SL - 26.6 QC769 No radio 17 Sep 1992
SS/ SJ SS/ SJ SW- 22.0 32.2 Khz Soni ¢
68 m 68 m CL - 28.3 (2-3-2-3)
CW- 23.9
W - 2.0
T5501 8 Aug 1992 10 Aug 1992 SL - 33.0 NNZ64 1 165.501 Mz 23 Aug 1992
SS/ S SS/ S SW- 25.4 33.0 Khz Vi sual / Soni ¢
45 m 45 m CL - 35.3 (3-4-3-4)
CW- ----
W - 4.1
"Al'l capture/release |ocations are approxi mate distances fromtip of jetty;
SS = South side; NS = North side; SJ = South jetty; NJ = North jetty.
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Tabl e 2. Conparison of subnergence duration in mn (Tukey-
Kranmer) by dawn, day, dusk and night for sea turtles
with radio tags. Mean durations of submergence, are
significantly different fromeach other if tine periods
are not connected by horizontal underli nes.

Turtle Peri ods of the Day
4101 Day Dawn Dusk Ni ght
5.5 6.1 7.4 22.9
4598 Dusk Day Dawn Ni ght
1.1 1.7 1.8 3.1
4698 Dawn Day Dusk
at jetty 2.0 2.4 3.1
4698 Dusk Day Dawn Ni ght
in South Bay 1.9 2.6 3.7 10. 2
5200 Dawn Day Dusk
2.1 5.3 8.3
5341 Dusk Dawn Day Ni ght
2.4 2.6 2.8 5.3
5413 Dusk Ni ght Dawn Day
1.0 2.9 3.6 3.9
5501 Dawn Day
3.5 5.2
5601 Dusk Day Dawn Ni ght
1.0 1.7 1.8 2.8
5801 Dusk Day Dawn Ni ght
2.8 2.9 2.9 4.3
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Tabl e 3.

Conparison of surface duration in sec (Tukey-Kraner) by
dawn, day, dusk and night for sea turtles with radio
tags. Mean surface intervals, are significantly
different fromeach other if tine periods are not
connected by horizontal underlines.

Turtle Peri ods of the Day

4101 Day Dawn Dusk Ni ght
11.8 13.1 16.0 56. 4

4598 Day Dawn Dusk Ni ght
4.9 12.8 19.4 19.8
4698 Day Dusk Dawn
at jetty 9.2 11.5 13. 7
4698 Day Dusk Dawn Ni ght
in South Bay 2.1 2.1 6.7 38.8
5200 Dawn Day Dusk
6.6 11.1 15.1
5341 Dawn Day Dusk Ni ght

10.1 14. 7 20.9 25.5

5413 Day Dusk Dawn Ni ght
52 11.5 12.5 46. 6
5501 Dawn Day
5.8 6.0
5601 Day Dusk Dawn Ni ght

18. 8 23.8 29. 4 35.2

5801 Day Dawn Dusk Ni ght
4.7 6.0 9.0 12. 8
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Table 4. Frequency distribution of depth readings grouped in 1 m
intervals for T5341. Information was obtained froma
time-depth recorder set to record at 20 second
intervals. Data fromthe first 2 hours after rel ease
wer e not included.

Dept h Curmul ative Cumul ative
I nt erval Frequency Per cent Frequency Per cent
Surface 165 1.2 165 1.2
0-1 902 6.5 1067 7.7
1-2 8768 63.3 9835 71.0
2-3 2093 15.1 11928 86.1
3-4 588 4.2 12516 90. 3
4-5 197 1.4 12713 91.7
5-6 138 1.0 12851 92.7
6-7 188 1.4 13039 94.1
7-8 115 0.8 13154 94.9
8-9 83 0.6 13237 95.5
9-10 50 0.4 13287 95.9
10-11 74 0.5 13361 96. 4
11-12 57 0.4 13418 96. 8
12-13 178 1.3 13596 98.1
13- 14 31 0.2 13627 98. 3
14- 15 119 0.9 13746 99. 2
15-16 102 0.7 13848 99.9
16-17 12 0.1 13860 100. 0
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Tabl e 5.

date for T5341.

i ncl uded.
Ti me
Peri od Date N
Dawn Aug 2 720
Aug 3 720
Aug 4 720
Day Aug 1 360
Aug 2 1440
Aug 3 1440
Aug 4 1440
Dusk Aug 1 720
Aug 2 720
Aug 3 720
Aug 4 540
Ni ght Aug 1 540
Aug 2 1440
Aug 3 1440
Aug 4 900
Dat e

Aug 1 1620
Aug 2 4320
Aug 3 4319
Aug 4 3600

1620
4320
4319
3600

. 500

0

. 900
. 100

0
0

. 300

0
0
0

. 500

. 900
. 300

QOO0

M ni rum Maxi nrum

Mean
16. 700 4. 255
1.900 1.482
5.100 2.178
6. 900 2.004
16. 500 4.924
2.100 1. 550
14. 700 3.372
14. 500 4. 315
4.900 1.770
1.900 1.395
3.100 2.093
3. 500 1. 445
3. 500 1.533
2. 500 1.417
2.100 1.372
Dai |l y Means
14. 500 2. 845
16. 700 3. 157
2. 500 1.469
14. 700 2.441
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Std

QOO0 OO0OOoOA~ NOA_~EFL, FROA

NOWW

Dev

. 538
. 384
. 004

. 077
. 320
. 354
. 966

. 397
. 896
. 392
. 628

. 550
. 684
. 470
. 432

. 273
. 518
. 412
. 119

rel ease were not

Mean depths and standard deviations by tinme period and
I nformati on was obtained froma tine-
depth recorder set to record at 20 second intervals.
Data fromthe first 2 hours after

Std Error

OCOO0OO0O OO0O00O0O O0O0O0O 000

OO OO0o

. 169
. 014
. 037

. 057
. 114
. 009
. 078

. 164
. 033
. 015
. 027

. 024
. 018
. 012
. 014

. 081
. 054
. 006
. 035



Table 6. Total range length, core area |length, and percent of tine
spent in core area for ten green sea turtles radio tracked
near South Padre Island, Texas. NS=north side, SS=south
side, NJ=north jetty, SJ=south jetty.

Turtl e Home Range Core Area Size Percent of Tinme Total Hours

Size (M Size (M in Core Area Tracking w Location

0000 366 none 2.8
4101 366 46 76 57.7
4598 732 137 66 57.0
4698 Jetty 595 46 69 13. 4
5200 NS, NJ 503 138 61 17.6

NS, SJ 322 45 98 10. 8

SS, SJ 276 none 2.7
5341 1098 138 72 41. 6
5413 1235 183 64 84.6
5501 183 92 77 10. 8
5601 960 92 66 71.8
5801 366 45 71 29.0
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Tabl e 7.

Length of core area by tinme of day for ten green sea turtles
radi o tracked near South Padre Island, Texas. A slash (/)
indicates a nultinodal area. A nunber between two tine
periods indicates that the data were conbined. NS=north
side, SS=south side, NJ=north jetty, SJ=south jetty.

Turtle Length of Core Area (N
Dawn Day Dusk Ni ght

0000 none none none none
4101 46 46 46 46
4598 46/ 46 46 46 46/ 46/ 46
4698 Jetty none 46 none none
5200 NSNJ none 46 none none

NSSJ none 46 none none

SSSJ none none none none
5341 92 46 46 46
5413 92 138 275 183
5501 none 92 none none
5601 92 138 92 46
5801 46 none none
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Figure 1. South Padre study area. Dashed lines represent the Intracostal Waterway in the
Laguna Madre and Brownsville Ship Channel.
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Figure 2. Movements of sea turtles immediately following their release.
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Figure 3. Number of hours tracked, by hour of day, for turties at the jetty habitat. TOO00 was tracked for < 2 hours and was not included in the figure.
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Figure 4. Movement of turtle T5413 during dawn (0500-0900), day (0900-1700), dusk (1700-2100)
and night (2100-0500) from 31 Jul through 26 Sep 1992. Core area, region where turtle
spent at least 50% of its time, is shaded or barred. Endpoints of the total range of
movement are indicated by parallel bars perpendicular to the jetties.
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Figure 5.  Movement of turtle T5341 during dawn (0500-0900), day (0900-1700), dusk (1700-2100)
and night (2100-0500) from 5 Aug through 25 Sep 1992. Core area, region where turtle
spent at least 50% of its time, is shaded or barred. Endpoints of the total range of
movement are indicated by parailel bars perpendicular to the jetties.
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Figure 6.  Movement of turtle T4101 during dawn (0500-0900), day (0900-1700), dusk (1700-2100)
and night (2100-0500) from 1 Aug through 26 Sep 1992. Core area, region where turtle
spent at least 50% of its time, is shaded or barred. Endpoints of the total range of
movement are indicated by parallel bars perpendicular to the jetties.
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Figure 7.

Movement of turtle T4598 during dawn (0500-0900), day (0900-1700), dusk (1700-2100)
and night (2100-0500) from 1 Aug through 26 Sep 1992. Core area, region where turtle
spent at least 50% of its time, is shaded or barred. Endpoints of the total range of
movement are indicated by parallel bars perpendicular to the jetties.
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Figure 8.  Movement of turtle T5601 during dawn (0500-0900), day (0900-1700), dusk (1700-2100)
and night (2100-0500) from 1 Aug through 15 Oct 1992. Core area, region where turtle
spent at least 50% of its time, is shaded or barred. Endpoints of the total range of
movement are indicated by parallel bars perpendicular to the jetties.
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Figure 9.  Movement of turtle T5200 during dawn (0500-0900), day (0900-1700) and dusk (1700-
2100) from 2 Aug through 26 Sep 1992. Core area, region where turtle spent at least 50%
of its time, is shaded or barred. Endpoints of the total range of movement are indicated by
parallel bars perpendicular to the jetties.
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Figure 10. Movement of turtle T4698 during dawn (0500-0900), day (0900-1700) and dusk from 6 Aug
through 26 Sep 1992. Core area, region where turtle spent at least 50% of its time, is shaded
or barred. Endpoints of the total range of movement are indicated by paralle! bars
perpendicular to the jetties. Positions in South Bay during day and dusk are also shown.
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Figure 11.  Movement of turtle T5801 during dawn (0500-0900), day (0900-1700), dusk (1700-2100)
and night (2100-0500) from 9 Aug through 26 Sep 1992. Core area, region where turtle
spent at least 50% of its time, is shaded or barred. Endpoints of the total range of
movement are indicated by parallel bars perpendicular to the jetties.
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Figure 12. Movement of turtle TOOOO from 9 Aug through 17 Sep 1992. Tracking data on this turtle
covered < 4 hr and was sporadic. Therefore, only its overall range at the jetties is
indicated.
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Figure 13. Movement of turtle T5501 during dawn (0500-0900), day (0900-1700), dusk (1700-2100)
and night (2100-0500) from 10 Aug through 23 Aug 1992. Core area, region where turtle
spent at least 50% of its time, is shaded or barred. Endpoints of the total range of
movement are indicated by parallel bars perpendicular to the jetties.




Figure 14. Overall mean surface and submerged times by hour of day for turtles at the jetty habitat. TO000 was not fitted with a
radio tag and is not included in the figure. Surface times are slightly increased due to the fact that turtles can swim near
the surface with the antenna penetrating the air-water interface, while they are still submerged. Forthe same reason,
submerged times are slightly underestimated. Dives and surface intervals overlapping two one-hour periods were placed
in the hour block during which the most time was spent.
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Sea turtle submergence and surface durations by specified time intervals:
all times of day combined.

Figure 15.
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Figure 16. Mean water temperature (°C) and salinity (ppt) by day. Temperature and salinity
were recorded at approximately 30 min intervals during normal daily tracking
activities. Maximum daily standard error for temperature and salinity were 0.5 °C
and 0.8 ppt, respectively.
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Figure 17.  Opportunistic sightings of sea turtles from 31 Jul to 15 Oct 1992 by NMFS personnel.
The number of sightings near the Brazos Santiago pass jetty is indicated on the map.




